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of some molecules, that have reboimded out-ward, before 
the next collision takes lace, and turn them hack on 

ther ascent, the air grows attenuated enough, these out- 
ward flights and returns without collisioii come to be 
the doniiiiaiit feature. The whole summit of the atmos- 
phere is a mass of vaulting molecules, describivg loops of 
all form.., dimei?sions, and directions. ‘rhis zoiie r.st.ends 
from the collisional zone to the outer limit, of the s >licri! 

limit of the s )here, some will go beyond, hut the prent,cr 
multitude wi i 1 fall short Iy various degrees. It is wise 
to emphasize the estreniely scattcred sta.t>e of the: krmal 
molecules, especially in the outermost part of the zme,  
but it is an error to i nore their esisteiice or thcir inipor- 

its extreme attenuation, may be called an ult.ra atmos- 
phere. 

The o r b b l  zo.no.4ollisio:s are cert,a:n t.o t.alie place 
in the krona1 zone, and by the ltnvs of prohal,ilit.ics t.he 
rebounds will in some cases be such that the nioleru1c.s 
will then more more or lcm parallel t.o tbr siirfiwe of the 
earth, and a c.ertaiii proportion of these will have veloci- 
ties suc.h as to carry them into stat&. orbits ahout, t.ho 
earth, in which they will circulate indefinit,ely unt.il by 
chance another collision is 3uffered. All  orbit,al ult,ra- 
atmos here is thus estalslished in the out,c!r portion of 
the sp R ere of control: evihit.ly such a coidition c . t ~ l  not 
exist in the collisioilal zone nor in the denscr part.s of t.he 
krerial zone. 

mmholic 

of control and enter into an orbit about, the sun; but 
collisions suffered by orbital molecules mny so modify 
the orbits as to send some of these moleciiles out, of 
the sphere also, and these modifications niny be brought. 
about by a series of successive, relatively iiisigiiifican t,. 
changes in the orbits. Molecules lost to t,he earth in 
the latter wag must again p a . s  t.hrough thc point. of 
c.ollision a.nd in so doing may eventunllg he i.npt1md 
again by another fortuitous collision; furthermore, t,he 
krenal and orbital phases of the solar atmosphere 
envelop t,he atmospheres of all the plt~neb; the earth 
mtt gain molecules which never before belonged to it,, by 
c.0 d- isions between solar moleclules and molecules of t,hc 
ultra atmdsphere through which the are passing. hn 

atmospheres of the planets and the sun, for if OM he- 
comes more plethoric. than is concordant with its rela- 
tions to the other, it will feed more inbo the leaner t,um 
it will gain from the leaner. 

Serious c.orrections are thus necessary t.o the current 
ideas as to the origin, retentmion, and luss of plnnetary 
atmospheres as set forth by Stoney.l--B. 11.. 11’. 

ellipticd curves toward t P le earth. When, with still fur- 

of c.ontro1; some of the vaultiilg molecules will renc \ I blie 

tatice for mauy proh 7 ems. The krenal zone, because of 

A vaulting molecule endow-ed with the 
velocity ‘will, If suffering 110 collision, go out of t, h e e p l ~ r e  

equilibrium tends to be established t etween the ult.rlt- 

ON T H E  TEMPERATURE OF THE UPPER STRATA OF 
T H E  ATMOSPHERE. 

By V. BJEBHNES. 
[Abstrseted from Comptes Rendus, Paris Academy, vol. 170, pp. 747-i50, Mar. 9, 
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assiiig from the troposphere into the strato- 

and air movements which are very feeble relatire to 
the surface of the earth; it  is easy to find the cliffereittin1 

is encountered an inwision of teniperixture, 
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equation of such a surface of discontinuity a t  which 
t,he dt-nsity of t,he air and the an,dar velocitv around 
t,he nsis of the earth both change suddan’ly. This 
rquntion shou-s t,hat if the density changes, but not the 
velocity, the surface will coincide w1t.h an isobaric 
surface. In the case of the tropopause, the density of 
the lower layer is greater than that of the upper; and the 
nngular velociby of t,he stratosphere does not differ 
grcat.Iy from t.hat of t,he eart,li, while t,liat of t.he upper 
strat.:% of t.he t,ropnspIiere is much greater escepb in a 
~inrrow zoiie on each side of the Equator and possibly 
n t  the poles; hence it comes ahout. that the surface of 
separation is more flattened alon the polar diameter 

la t t,er in turn being more flat, tened tlirm the ‘ ‘level ! ’ 
surfaces, nnd tharefore the tropopause is found a t  a 
higher level iienr t,he Equator than near tlie poles. 

Siniilnrly, it is etisily seen that, t,be uigulnr vdocity of 
the air in ii cyclone is gretiter, and that of the air in an 
tuiticyclonr. is less, thm the conipcmcnt of the angular 
velocity of bite eartli about the same usis; cyclones and 
nnt.icycloncs bcins local forniations not es tending into 
the st,rat,ospltere, i t  follows ’ that in the highest arts of 
:L cycloiie tlir t,emperntures will be reater, a n 8  in the 

referred t,o above it a,p ears t h t .  the tropopause has a 

Hiit iq-rlone ; t,liese elevxtioiis niid depressions are not 
t,hc c‘i~uses of the formations, but merely the effects of 
tlie nir niovrnients.2-E. 11: 1V. 

t.liim are t,he isobaric surfaces of t Y ie troposphere, t,Iiese 

high& re ions of it11 nnticyclone t 7 ley will be lower, 
t.hitit chew P icre at the same levels; and from the equation 

de]>rrs?;ion ahow a cyc r one and an elevation above ai1 

WINDS AND TEMPERATURE GRADIENTS IN THE 
STRATOSPHERE. 

By Q.  A i .  B. DOBSOX. 
[Abstracted Irom Qusr. Jour. Roy. Yet’l. Sw., Jan., 193, 16; 51-84.1 

Some years ago observations by “ ballons-sondes ” 
showecl that w-liile the troposphere is colder in cyclones 
t.han in ant.icyclones, the reverse is the case in the strato- 
s,here. and it was pointed out that as a consequence of 
t E, is the wind velocity must he reduced in the lower part 
of the stratosphere. Data obtained from 70 cases where 

ballonssondes ” had been followed by theodolites to 
heights well within the stratosphere and had given satis- 
factory temperature and ressure records were .plotted, 

o1i:min,crtion qf ejfwts due to the variation in the Iwight o j  
the tnsf of tho stratoayhore above n1ea.n sea. level. The 
resulting &a rams show- wr3- clearly that which is not 
shown when s iriglits are referred to mean sea level, viz, 
the remarkable suddenness of the changes which take 
place at  tlie tropopause. 

Tlie wind velocity within the tro losphere increases with 

density, i. e., at  a rate w 5 ich would occur if the pressure 
gradient remained constant. It may be taken as a 
general rule that whenever the velocity is fairly large, say, 
15 m/s, in the troposphere, it alniost invariably decreases 
very suddenly within the stratosphere; for winds under 

hcights b e h g  rejerred to t R e troyopame, thus causing the 

height at  a rate rough1 inverse f y proportional to the 

1 C R 170 604 1920 
2 J.’V.‘kanhstr&n h& considered the same questions, and by B laus direct analysis 

his been led to the same conclusions; see Uebnr die tleaehung rwschen Temperatur 
und 1-utthewegungen ia der .\tmw>hare unter stationwen Vorhltnissen Ofversigt sf 
k. Vetenslisps dkkadumien Forhadlinger tockholm 1901: and Ueher diei’emperatur- 
werteilung in den aller hochsten Luftsckchten. Arkv. for Math., Istr. och P y a ,  
Stockholm, 1907. 1 n the physiwl cmes  of the occurrence and position of the tropo- 
pause sne W. J. Humyhreys I’hvsics of the .\Lr and in another form in MONTHLY 
W L A & ~  HE:VIEW, 1919; 17, i6Slb3, and rcience,h9 15tj-ie3,191v. 

1Cf. n shorter abstract in the REVIEW, Jan. 19%~~ td: 11. 
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10 m/s there seems to be little change, some of them even 
increasing slightly within the stratosphere (see fig. 1). 
Aa soon as the surface layers are left behind the wind 
direction becomes remarkably constant and remains 
nearly the same from 4 kilometers up to the highest point 
reached-no effect is seen in the direction on entering the 
stratosphere. The horizontal pressure and temperature 

radients were computed from the winds on a few typical 
%ays, according to the procedure given in the C.’nmptiio.’s 
Hc~ndbOOk. The resulting curves show that the hori- 
zontal pressure gradient remains nearly constant through- 

FIG. I.-Variation of wind velocity with height. (Heights are taken relative to the 
base of the stratosphere as glven by temperature record%) 

out the troposphere but suddenly begins to decrease with 
remarkable rapidity as soon as the tropopause is passed, 
and approaches zero at  about 18 or 20 kilometers; how- 
ever, even if the pressure gradient never increased above 
the value shown at  the highest level for which results 
were available, the decrease in density would account for 
winds of considerable velocity. Within the tropos >here 

the average direction of the wind increases graclually 
with height, the air being colder over the cyclone than 
over the anticyclone, but on entering the strutospherc a 
very sudden and large reversal takes place and tlie grncli- 
ent changes to a value somewhat greater thnn that at the 

the horizontal temperature gradient at  right ang r es to 

top of the troposphere, and in the reverse direction; d te r  
a kilometer or two this value decreases ayiiii and becomes 
wry nearly zern a t  heights of 15 or 20 1cilonieters.- 
E. w. IV. 
ON AN APPARATUS FOR THE STUDY O F  THE FORMATION 

AND PERSISTENCE O F  FOG. 
Dy -4. TRIMAT and h!. Fovhssrmt. 

(Abstracted from Coniples Rcndzcs. Paris Acad., Mar. I?, 1919, pp. 570-572.j 

The coiidensat~ion of water vapor in the air depends 
not only upon the unntity of vapor aiid the changes of 

solid. li. uid, or ionized. These factors have been studied 

Imigcrin. The present, studies were niade during the 
war to devise. if possible, simie ap!)nrstus which could 
he employed in forornst.inp the possibilitiPs of fog. The 
work restecl upon two premises : First, that the possil+ity 
of fog in air of given t.om!wrnture, pressure, and liumidity 
clepends chiefly upon the niore or less persist,ent presence 
of solid or liquid mrticles : m c l ,  second. tlie espansion 

the number of actire pnrt.iclcs in the air is great.. 
The instrument, as described in an ahstmct by R. 

Corless is n.s fnllows: ‘i The appurnt,us consists of [L 

closecl $ass vessel of 10 liters capacity, provided with an 
eshnust.ing pump and a mercury mnnoniet.er ; also with 
a device for noting wlien fog of B stnndnrcl uality has 

duced i1it.o the vessel, t,lie pressure inside is reduced by 
nieans of the pump until tho  stniidurcl fog is produced. 
The reading nf tlic maiionietcr t.lien gives a measure of 
the clif€icult,y of product.ion of fog.” 

The nuclei provided by smoke from the conilrustion of 
vegetable and aninial products were found to be especially 
ac t.ive. 

Aninioniuni salts, mngnesiuni chloride, aiid emanations 
of mineral acids possess to n great, degree the property 
of condensing atmospheric . nioist,ure ahou b t.lieni. On 
the o thd  hand, tlie cnrbonat.cs, silicat.c?s. amd oside of 
iron, which constitute n large proportion of ntmospheric 
dust are less act.ive mid less peiBistent hi forming fog. 
Microorganisms are also eff ect.ive as nuclei. Some parti- 
cles are soluhle ancl some insoluble in water vapor, the. 
first appearing to form tlie more peisist.ent fogs. These 
experiments, it  is poiiit,ed out, may csplain the difference 
in the persistelice of fogs hetwt?eii cities and open fields.- 
0. L. JI. 

temperature, hut ti 7 so u!ioii whether the particles are 

principn 7 1y by Coulier, Mascart. Aitken, Wilson, and 

necessnrv to provo I, -e the a!ymn.rtmce of fog is less when 

been produced. Tho air to 1)e tested Iinving x een intro- 

“STORMS O F  COLD” AND THEIR PATHS. 
Hy A. IhLIUT. 

[Reprinted from Science ALstract?. Sec. A, Aug. 30, 1910, 5 995.1 

‘I’hundeist~orms arc usuullv clirided into two classes, 
(cI.) heat storms and ( t )  stornis in depressions. The 
former are usually local in chnra&er, the latter accompany 
line-squalls. which tire esperienccd in the southern sectors 
of depressions. Tlic? autllor clescrilws a tliird type of 
thunderstorm, namely. “ storm of cold,’! which occurs in 
it cold zone of air aclvniicing frum tlie north into a region 
where tempertitwe is liigh! aiid upper winds are from the 
south. In t h s e  circumstttiices cuniulo-nimbus cloudg 
developing into thuntlors tornis are formed on the southern 
boundary of the cold W R T ~  :uid are carried northward 
hy the upper south wind in :t tlirect,inn opposite to that 
of tlic north wind at, the surface. Thus the storms travel 
1)ackw-ardu tltrough the zone of cold air.-R. C! 

1 Sclenee Abstracts, July, 1919, pp. 310-311. 


